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$A$ . , $Au=T$ ( $T$
generalized section) , “ ”
.
, ,
( (C1)) , ,
, ’ ,
. \S 3 [2] .
$’\supset$
.
. $(M, g)\text{ }(\dot{\sigma}-\text{ ^{ _{ }}}:\text{ })$ $C^{\infty})|$
..
, $\pi_{E}$ : $Earrow M$ $\pi_{F}$ : $Farrow\dot{M}$ $M$ $\sigma\dot{)}$ $C^{\infty}$ .
. $h_{E},$ $h_{F}$ $E,$ $F$ . , $F^{\star}$ $F$
, $| \bigwedge_{M}|$ $M$ . $A:\Gamma_{0}^{\infty}(E)arrow\Gamma^{\infty}(F)$ $E$
$C^{\infty}$ $\Gamma_{0}^{\infty}(E)$ $F$ $C^{\infty}$ $\Gamma^{\infty}(F)$
C , formal adjoint $A\#$ : $\Gamma_{0}^{\infty}(F)arrow\Gamma^{\infty}(E)$
:
\mbox{\boldmath $\varphi$} $\in\Gamma_{0}$ $(F)$ , $A^{\#}\varphi$ $E$ L2 $(||A^{\#}\varphi||E<\infty)$ .
$||A^{\#}\varphi||_{E}=(A^{\#_{\varphi,A^{\#}\varphi)_{E}^{1}}}/2,$ $(A^{\#} \varphi, A^{\#}\varphi)_{E}=\int_{M}h_{E}(A\#\varphi, A^{\#_{\varphi}})dvg$
, $dv_{g}\in\Gamma^{\infty}(|\wedge M|)$ I Riemannian volume density . ( $A$
properly supported . )
$F$ generalized section , $\Gamma_{0}^{\infty}(F^{\star}\otimes|\bigwedge_{M}|)$
([3]) , $F$ generalized sections $\Gamma^{-\infty}(F)$ .
, $T\in\Gamma^{-\infty}(F)$ ,
$Au=T$ (1.1)
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:$(u, A^{\#_{\varphi}})_{E}=(T, \varphi)_{F}$ for all $\varphi\in\Gamma_{0}^{\infty}(F)$ . (1.2)
, $(T, \varphi)_{F}$ $F$ $L^{2}$ $(, )_{F}$
:
$(\tau_{\varphi},)_{F}:=\tau(h\varphi)$ , $h \varphi:=h_{F}(\cdot,\varphi)\otimes dv_{g}\in\Gamma_{0}^{\infty}(F^{\star}\otimes|\bigwedge_{M}|)$.
,
$\forall\varphi\in\Gamma_{0}^{\infty}(F)$ $[A^{\#}\varphi=0\Rightarrow(T, \varphi)_{F}=0]$ (C1)
(1.1) . , ,
“ ” ,
(C1) “ ” .
\S 2 . \S 3
. . [2] .
T. $\mathrm{T}\mathrm{o}\mathrm{d}_{0}\mathrm{r}\mathrm{o}\mathrm{v}$







usual nonstandard set theory ,
(users’ nonstandard set theory) .
UNST ZFC $(^{\backslash }\backslash \text{ }\supset \mathrm{i}$ .
) 3 $\mathcal{U},$ $\mathcal{I},$ $*$ , UNST ZFC
. $a\in \mathcal{U}$ $a$ (usual), $a\in \mathcal{I}$ $a$
(internal), $a\not\in \mathcal{I}$ $a$ (external) . ( ,
, , .) UNST :
(1) $\mathrm{Z}\mathrm{F}\mathrm{C}$ UNST $\text{ }$ .
,
. $\mathcal{U}$ $\mathrm{Z}\mathrm{F}\mathrm{C}$ .
(2) $\mathcal{U}$ : $a\in A\in \mathcal{U}\Rightarrow a\in \mathcal{U}$ .
(3) $\mathcal{I}$ : $a\in A\in \mathcal{I}\Rightarrow a\in \mathcal{I}$ .
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(4) $A\subset B\in \mathcal{U}\Rightarrow A\in \mathcal{U}$ .
(5) $*:\mathcal{U}arrow \mathcal{I}$ ( ). $a\in \mathcal{U}$ $*(a)(\in \mathcal{I})$ *a , $a$ .
. . (6) ( ) $\varphi(x_{1}, \ldots, x_{n})$ ZFC
$- x_{1},$ $\ldots,$ $x_{n}$ $\varphi.$
.,\forall x 1, $\ldots,$ $x_{n}\in \mathcal{U}$ .
$u_{\varphi(X1,\ldots,X)n}\Leftrightarrow \mathcal{I}\varphi(_{X_{1}}^{**}, \ldots,x_{n})$ .
$u_{\varphi}$ \mbox{\boldmath $\varphi$} $\mathcal{U}$ , ,\mbox{\boldmath $\varphi$} $\mathcal{U}$
[ $\varphi$ $(\forall x),$ $(\exists x)$ $(\forall x\in \mathcal{U}),$ $(\exists x\in \mathcal{U})$ ]. ,I\mbox{\boldmath $\varphi$}
$\varphi$
$\mathcal{I}$ .
(7) ( ) A $\mathcal{U}$-size , $A_{\alpha}\in I$ (A\alpha )\alpha
. A $\mathcal{U}$-size $\mathcal{U}$ A
.
UNST .
2.1 (1) , $a,$ $b\in \mathcal{U}$ $a\neq b$ $*a\neq$ . $A\in \mathcal{U}$
, $\sigma A:=\{^{*}a..a\in A\}$ . $A\in \mathcal{U}$
, $A$ $\sigma A:=\{^{*}a : a\in A\}$ – .
$\mathbb{C}$ $\sigma \mathbb{C}:=$ $\{ *c:c\in \mathbb{C}\}$ – .
$\mathbb{C},$ $P(\mathbb{C})$ $\mathcal{U}$ .
$\sigma \mathbb{C}_{\neq}\subset*\mathbb{C}$ . , $\sigma \mathbb{C}$
.
(2) $(a, b)=\{\{a\}, \{a, b\}\},$ $(a_{1}, \ldots, a_{n})=\{(1, a_{1}), . \mathrm{v}\cdot, (n, a_{n})\}(n\geq 3)$
.
(3) – . , ,
. $f$ : $Aarrow B(f\in \mathcal{U})$
.
, $f$ $:*Aarrow*B$ ,
$*f(^{*}a)=*(f(a))$ .
(4) $A\in \mathcal{U}$ , $*(P(A))=\mathcal{P}(^{*}A)\cap \mathcal{I}$ \acute \supset . , $*(\mathcal{P}(A))$ $*A$
.
(5) $r$” $s,$ $t\in \mathbb{R}$ ,
$\Gamma<S\Leftrightarrow***\Gamma<S$ ,
$r+s=t\Leftrightarrow****r+s=t$ .
$*r$ $r$ - ( 1) $**+<$, $<,$ $+$ , $<,$ $+$
. , * .
(6) $\mathcal{U}$ “ ” $\mathcal{I}$ $”*$ ” .
, $\eta$ ( ) , $\mathcal{I}$ $\eta$ $a_{1},$ $a_{2},$ . . . , $a_{\eta}$
. *-
. , $*\mathbb{C}$ $*$ - ( )
.
$*\mathrm{N}^{*},\mathbb{R}^{*},\mathbb{C}$ ( $\mathrm{N}$ ).
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(1) $m\in \mathrm{N}$ $A_{m}=\{n\in*\mathrm{N} : n>m\}$ ,
$\exists\eta\in\bigcap_{m\in \mathrm{N}^{A}m}$ , , , $m\in \mathrm{N}$ $m<\eta$ .
\eta “ ” . $*\mathrm{N}_{\infty}=*\mathrm{N}\backslash \mathrm{N}$
, . $\mathrm{N}$ .
(2) , $\exists x\in\bigcap_{n\in \mathrm{N}}\{x\in*\mathbb{R}:0<x<1/n\}$ .
$x$ “ ” . $\eta\in*\mathrm{N}_{\infty}$ $1/\eta$ .
, $\alpha\in*\mathbb{R}$ ,
$\alpha$ : $r$ , $|\alpha|\leq r$ ,
$\alpha$ : $r$ , $|\alpha|$ $\leq r$ ,
$\alpha$ : $|_{}^{}$ , $|\alpha|>r$ .
. $0$ .
$\alpha\in*\mathbb{R}$ ,\alpha $-\Gamma$ $r$ $-\backslash$ .
$r$ \alpha $\mathrm{s}\mathrm{t}(\alpha)$ ,\alpha (standard part) . ,
$\alpha=^{\mathrm{O}}\alpha+(\alpha-^{\mathrm{O}}\alpha)$
, 1 $\alpha$ , 2 $(\alpha-\mathrm{O}\alpha)$ .
(3) $z\in*\mathbb{C}$ $x+\sqrt{-1}y(x, y\in*\mathbb{R})$ .
3 (1.1)
\S 1 ( , , ,






( $A$ $*A$ ).
3.1 \S 1 $\mathbb{C}$ - $A$ . $f\in*(\Gamma^{\infty}(F))$ ,
$*Au=f$ (3.1)
:
$(u,(*A^{\#}\varphi))E=(f^{*},\varphi)_{F}$ for all $\varphi\in\Gamma_{0}^{\infty}(F)$ . (3.2)
14
[ , , $(,$ $)_{E}$ $(,$ $)_{F}$ . ] ,
(3.1) $*||u||_{E}\in*\mathbb{R}$ $u\in*(\Gamma^{\infty}(E))$ $f$
(C2) :
$\forall\varphi\in\Gamma_{0}^{\infty}(F)$ $[A^{\#_{\varphi=}}0\Rightarrow(f, *\varphi)_{F}=0]$ . (C2)
, (1.1)
.
3.2 (Key Lemma) (cf. [1, $\mathrm{T}\mathrm{h}\ovalbox{\tt\small REJECT}$eorem 23]) $\mathbb{C}$ $\beta$ : $\Gamma^{-\infty}(F)arrow$
$*(\Gamma_{0}^{\infty}(F))$ , $T\in\Gamma^{-\infty}(F)$ , $\beta(T)$
$(\beta(T), *\varphi)_{F}=(T, \varphi)F$ $(\varphi\in \mathrm{r}_{0}^{\infty}(F))$
.
3.1, 32 , (1.1) (
) .




$(u,(*A^{\#}\varphi))E=(^{*}T^{*},\varphi)F(=(T, \varphi)_{F})$ for all $\varphi\in\Gamma_{0}^{\infty}(F)$ . (3.4)
, (3.3) $*||u||_{E}\in*\mathbb{R}$ $u\in*(\Gamma^{\infty}(E))$
$T$ \S 1 (C1) .
$(b)$ $*c\infty$ G\in *(\Gamma \infty (E $F^{\star}$ )) , $x\in*M$ , $G(x, \cdot)$
$*-$ , (C1) $T$ , *-
$u(x)= \int_{*}M)G(x, y)\beta(T)(y)*dv(gy$ $(x\in M*)$
(3.4) (3.3) .
$*c\infty,$ $*-$ , $*$ - (U2 $2.1(6)$
.
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3.1 $u\in*(\Gamma^{\infty}(E))$ (3.4) (3.3) $*||u||_{E}\in*\mathbb{R}$ .
(1) $v\in\Gamma^{\infty}(E)$ $u=v*$
$(v, A^{\#_{\varphi}})_{E}=(T, \varphi)_{F}$ for all $\varphi\in\Gamma_{0}^{\infty}(F)$
. $Av=T$ .
(2) $\varphi\in\Gamma_{0}^{\infty}(F)$ $A\#\varphi$ (
$A$ ). $U\in\Gamma^{-\infty}(E)$
$(u,(*A^{\#}\varphi))E=(U, A^{\#_{\varphi}})_{E}$ for all $\varphi\in\Gamma_{0}^{\infty}(F)$
$(U, A^{\#_{\varphi}})_{E}=(T, \varphi)_{F}$ for all $\varphi\in\Gamma_{0}^{\infty}(F)$
. $AU=T$ .
, \S 1 C $A$ ,
.
3.4 \S 1 $\mathbb{C}$ $A$ . ,
$K\in*$ ( $\Gamma$ \infty (E $(F^{\star}\otimes|\wedge M|)$ )) :
$(a)$ $x\in*M$ , $I\dot{\iota}’(x, \cdot)$ $*-$ .
$(b)\text{ }(\mathrm{c}1)$ generalized section $T\in\Gamma^{-\infty}(F)$ , $u\in$
$*(\Gamma^{\infty}(E))$
$u(x)=*\tau(K(x, \cdot))$ $(x\in*M)$
, $u$ $*||u||_{E}\in*\mathbb{R}$ , , (3.4)
(3.3) . $*\tau$ *Ex-
( $E_{x}=(*\pi_{E})-1(x)$ ).
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